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K^^vonfa Fnithssi R-rhabJualinn; .^nalnmy; .^nalr^ Cnft Slzilh PiBzfcc-caitred 



D&i^n |W3vxl& a set of tcb> For crpbniig our w-ortl iitl ihac cin gLv^c v^cr^' L^ ^lotof 

the naUial scicntim or Hticial 4cicnlL^1 The Art and Design Rebirth Ccntic al Sheffield Hill am UinvcrHitj i"^ 
dcvcleping 1be iKC oF rrc4ti> e prarlLceit the ccnli? of multL^^f ifliiuiy reseiKbi inJ hsi dnninttriLjx] Lhal llu> 
apfm>4chran bnjig '^fnJfEinl ir^t> in aicsi of icf aich x^hK^bi 4IC nuFe iituaiJ> thn^t nl~ ttiLiughl of «> HLKCK^e c:a~ 

Thfi> paper His: nboi 4 J-ycai pcop! which ha*i piov'xicd complelely ikw utas ibr Ihe cfewgn of ailiimi] limbs 
bahenl iHi (:k:sc inaii^ifs ^^ith biunun ajiabr^m^. Thz piojfct ^^ ah intemU b look al veiy Infig-kmi LlzvcLcfrfnenti bm 
bia> 4l»:) [Ctullcd ]n i:ta> for ^xJay^ pnx}u:t> mJ hah ctur^l the thulji^ cil~lxi4i clinELan> ard jnanii'-ictLiicci 

Inv&df^ve nie1biL<ii irr Lutel iteradx-e cyrle> (jf ncativ'c ttv^ckifnicnt and icflct^tHHi; wrwl: x^ith i^n^r-, uxiiLlmg 
the prodir t»n [^ vxlcD mjtcnal b iilinidAtc lhe]r tbnIJng iK^'ond tbz Hiale of the irt, and Imh quablaliyc ind 
qiiajititiSve c^'iliution J^ tH-iLnmiutoniCT wilh *icientifjc *lxU1M^K■^'-|^^lll^J>^ 



L loliodiictini 

Th]^ pBpcf d&cnbcs b r&tarrbi prjJKl ^^hich L£iniCitBlivccl«Lginct]>i1]ni tjcxpkire in imjmiHiTl humBn 
ncfd fnc ftfTKtivt [icwiLh^lidnTT^ in 4 field v^tKbi ih nuin: LALiiiiJy Ibii: prcervt of 1cchiiil::gi^ and diniral r^^ 

The do'ckipiiKiH i>f a rKCicrh cuLtmr m dcwgn hffi> rxjl btcn an ca*iy jiiunicj for prBcdtioncr acKicnuc*! 
wbinsf f i^pcncnct aixJ 4plitLjds> migbil Itad thrm m^rc nBlin^ly to pragmatic ]n1trvcnlLon^ ]n tb^ ^^^'i^^\d »ther 
than dftBchcd obhcr>a1kin> of ]1. E~t:)wcvtr^ abnf^kk rortaich mtlbiLick dm^^n fiom t}:c lulunJ aix] »:x:ial 
szLCficQ^ thrfc he brcn b gnuwing intrrctl in prBzlyzc cccUidH rdtiKbu in which ccritivc ^Dfk e iiccn Si Bnascnt]al, 
crntnl psrl of ihs iQcafizh pfTiccsi rattitr ttunib subject DrcntpcDdiJcL 

Bnx« .\fcbcr |L995r has dKcnbcd b T^ngr ^ BpproarhQ> to icscuch m ds>]gn^ ir^lixljng rdcaich inb 
cisii^ TCicvizh fbfdcM^ and icicaich throu^ cisii^ tdc a^ makoi aclcarcAU Ebf "actiDn r^aiizh" in dctign 
t±jwtvcr^ ih^ vuabt ficr of dsiign locuch e clcaily rrscajch mb or fordctign. At ih^ 1 999 European .^nadcniy uf 
De»ign Craifc [dice 4fl papciH wcct ptcscntcd anH all hut 5 wcct clearly "alxHi' dsign Their ^wic ahmaO mimbrrof 
"F™.tJLC B aHcd Pc&cnIatJLirei" and Ibiac w«t mnft cfcarly oF iJivffit]gatnn> tcingcamcd oU "liiiiHJfli" tiaif^ 

The appcoach ii^pl&J by scvciiL praclilKjrKc/rTscirthciy in the .^Jl ami [>QiI^ RoKaich Centrr (.^DRC) al 
ShdTield Hb Jam Univeihity ho^ cniphahCicd the fxiHtil^ility 1hal dcM^ like Ih: HLEnLi^^ b bnd (oreTplnring tlr 

wocU and thts pijxzr \^ hjLc hejng m pad ''abLiiit' cis^fA iCteBn.h '^t>iHt L> picent ttie OLittHna> of sir h in 
invctligitioii 

The \DRC Bpprjach his been ttj act as a catily^t fijr mijllL-dK]plLnajy ^^ort by Ltvcloping pr*:tical cicalivc 
lesfxireics to a stated silLia1»n In'^r^me r^sfet-ti Ihn |Tfrice»> coukJ be hkeiKd to the FQTming of a hypothesis in 
Dthrf ireas of reseaich ind one ci>]iabcrah>r froni 4 "scientific' dHrjpUne ho^ "^i^^cskxl Ihat scienlthl^ aic 
riQiqirndy efi^gful in creilLve s'>'n1h[:se> btH fail ti vilue ]t sirflEEndy lh= empha^r^ t<^^ ^^^ analyse and pfoof. 
Projfct> ]n VrJv-h lhts appioBLh has bxn Uicd inrluii^ 

♦ The jifovTOjn iif HlimUii> fijT pniple x^ith prtjhjunJ s^rtmiy ctpn> BlKm iRcct^ 

♦ Re-uic of waKte fj«s> ^^itti ninimum enei^ ]npLi1 fChambeflajn et al| 

♦ The pfovioLin iif pKwtfelK an tk with 1 he jwfcndal b pro> »d^ natural iTXJV'einEnL 

This I a£t tops L£ the subject of this paper 1 1 l^ nLitaUe thBt nuny of the publdhcd oiitputs tcDm th=9= pnijecb hax'c 
been ihiough confeienzcs and jo«niti wlizh aic ttA craremcd wnlh de»ign ^nre Ift bi!i* in ''^ch c^ ^*^ Kvn ^i ^ '"P^nn 
ctvekrpnii^nt in L^x:ri£dplin=^ 

2. IIk i^JLct- KL-pfDduLhg NuluRil Huiun M4n?niLnl 

TI1C Fdcaruh pnijcct, which has been ninnng for mai? Ihan thice yea[^ started when Ihe reseaich^E 
obsefv'ed that extKting piosthetic ams airiiDT capable of nttinl nrtvenienl^ sinze they ai? based on b very sjmpltstk: 
mechanical analn^' ^^'^^ hn'^^-n -iti^i ^iti>_ Tfey telLe^-etl thai iiK \^ k veiy sigjific ant fur tb: self-esteem o I Lhepcefile 
^^b:^ oKd pirMhacs 




Fig. I : ^DUK existing pn:«Li>:tic Bcm^ 

Th^ Itfljn ^c1 cut Id cmtc a scl cf mrchBiucil d»>]gn pnDZ]plQ> fnr a nalurilly Biticulfllccl prnittif!£Ei The 
nuin v^chiclc Ebr 1bus b> 1bt pnxliiLtKjriiif a "tncs of HtiTXjrr^raltinn rTxxtb> IckI^ aiulcgju*! ny>:lcl of 

Ibii^buml BciJann I ri i^^iiig m> tb^ wtrr iv^ir? thai IhciJ i^Lgri^ x^x^uld icquoc «:tuBLxjn iix] ^ tfctinLiLc^ 
which cki ncrt CM*it at ppshcnl- bin 1tic> bcLio'oiUhat with:MJ*iLj::tnnia:hBnK.Bl "l&t ng^Lfcvdormcntimllcs^ 
tctifiLik)g}c> w::ajkJ be uiiibilKl 

[t ^^0^ al^ fdt thai Itt pLLr':ujtof bii anakigy ^"OLild bring ^LirctHHul lKr^it> ti Ut«h. 1 1 ¥^«> rx^tpnwtjbk t) prcdK.! 
Ih[:f£ th:i:p:lll^ birt Itc li^im Lxik 1h^ jTihilKin thai a cisii^ whHTh was >'tr^ anafir^m^ ^^'cx^l he b^i^ttcr 

integrated wilh Ih: UtfT aix] [K^ttntiaiJy capable oF mBtbn^ Bt It ast »:)rTV oF Ih^ rLin::lH>n> oM^ amLThLS 

pliikiwipliy Ls ^^CTy diRmnt From Ihc apjmjKh tBken in Ihc dev'dtjprTK^r^ ciLMint ami pro*iUK«a>_ ^^hich hrF^c been 
fncLfiCcI on fLinLlbonall3hb> ami a pifccnitBl BppnjaLh boseil 4xi intoconnKliiig nix3iAS] ^^hK^h can be UH^igiiinl (br t 
vancly oTiqicciBlscd rccc^ 



3.]>rindpl:s 

Inihe alKcnce oF very specific dsiLgn ^>bL^ i1 was Ctfe<.]al]y ]m]y)naji1 1i> Kkipl b [inncLpLccI BfifiioKh ^^hicti 
would piDVLct B fnmewniJL For guiding Ihe pnifcct and icview-ing the w-ork & it Ltvckjps. The leam a}si> wcihetl 
tncxpbr? Bnd ^mon^tr^le a set i^ pnncLpLcs which niight l:e hripfij] >j iilh^rdstigiris espo-idly tlxvie iih'ol^^ 
multxliffiLpliiuiy v^rt_ 

The niLKl cctUthI xlea ^^as Itt obiejv BiXi" d ^^.tv ckise Bnak^igK> with the "cteifA" iif Ihe raif^ial limb nitlKr IhBii th^ 
jixrn: sqKriiLLal ii»e ol fimcltonal Bnak^_ This tta was cleBriy >■«>■ sfH^jfic I:j this jmycct altlyMJgh tlK ii»e of ana^ 
WLlh nature "4i!^f^" hK niaii> Iss hJitcL afflicalKins as dscnbed by PBpanrk fl^S^J and SteailmBn ^1^79^ [n 
athtKin ttme weic a nunbcrof mDic^neiHl rnnnple> Aawn ftran Ihe expenmzcormn nrmtcis. 

* Rccc^nitK>ii Itiat de^sigr^ers must inxT^igatc slLiatH>n> at ficHl hanf as^ell ay Uiin^ [lublbihed ]nfbrm[]tK:in or 
Ihe c^jKneirc of irfoTasiKunaLs fsom other dnripbr^Si 

* A DijrTTKHfc u* oF d=agn mctiincts tcb> and w^jrt piait whHrh ackiT^'Loilgc 1^ 



* An q^jv^acbi whch icquiic> thai ill cLciTKiit> 1^ a d=^fAsh)LikJ l:c adi^iix^ 

tEmfitation ti impruvt mhtk thing wbuch bia>j lkL bL[!cn ciLiCb: Ixforr bnn^nf. othrf pait^ oF fii= dcM^ up ta ths 

* A WLct cofhullHivr "tcim" wbiEh inLluLlzfi iftcr^. pRVtlbb^tiMy i^BbLl]la1kin '>]KciBLL'>^^m3fiif3clLim^ 
BnH cLsiif^rci ^^itti b ciiliir^ kyziK ah ^^tlL ah 4.bmnan> anJ ls.tinLilLi^hh. 

* The Lftf of mcxk[^^ VL'>ual]'>BlkiiK Bnd pm tc) types to htirriii] bIf ciillibiiritiori and cncuur^^ corutriDLin uf 
lEW iita*! by pnipic wlu may have dcwfcjjwd a fixed vtw" uf tbrsubjcci 

* Th: uc cl" hilh ci^iJiicnlai> bfhI fictKjnal matenfll on vkIco Id cuoura a: iik.t> Bnd profesionah indebat flrir 
■:;^f>xtaLkui> uiJ jxxxl^ in hu4h I Lur iKiu^aJ uidcLiJlLir^ ^cf^^ 

* An ap[i[D4cbi wtKh fKiKC^ fmn th= Elan on tht need t] adopt effect] \¥ mauufa^ Hiring mztlrx^ b.^ ^nhui? Lhil an 
ev'enrual pmdurt Ei al!bidBble and esiy b ccmfLgue aiiJ ctlivef Kn web 

* Acceptance IhBt sjme of Ihf lKhnnti^e> requnrd ajc. « yet. UDitvebpcd. and that ihc mlciif thts project e 
partly to snmu lite I bmr life ve lop m:nl and ti pruviit an clfcclixT mcchaj3jcalte»l-bccl ftic (Jibcf I^^caILhcIH_ 
4. Cra Ih i. A ctM^ 

In ihs hc^r^' of anitomy^ fumc of Iht fir^t invehdgation> ^verr ODnduztd by artthl^ wbu v/r^bsJ to better 
UDitfHland Iht humBn body. Thts prnjcct levLsts 1ha1 tTTkJtKinsinze]t seemed b be very impLirtaul that ttv creative 
^"ork ^^ ah Im:^ on in ]ntimate umlrctlandinf. oF 1he iHifjnal anatmiy. Ralher Ihan relyir^ on publidisJ niToTTTialioii, 
1bie pnnLjpaJ Ll3iigiEr^ Gr^hajn WNteley invented i^xx] deil of lime in obserFing anddn^^ing Ihe inaUinKaL 
d:taib> of 1he hand and arm, ^^x^rtJng fnum nbt^efvatKiii of mrdels and '>kcLcl:)nh as ^^xzLl as 'A'odjn^ v^ith 
ilLii£tralbon^ and pfx^tci^rapbth This ^Hick has bhxnn^M-nlxd ]n an earlier pi iUK.atHin ^LKt & ^'hjleky 1995). 





F^5. 2:T_eamjiig' ibiehani 



T\^3 Gei^fnetiK anaL]Atti> of the Lilna 



Thts pfiice?> of leamo^ ami anal^Tiin^ ibe ibim of lh= }:)inb> wascnrial sin:? 1bie eefitnl problem was ti uml^rstanl 
the rmtnn of each jo]nt and the ts created by Ihe ]ntemctk:ai> of severe haid and soft etments. Tb^rr has been 
leseanrh for eiample by BeHwn ( 1 997] andKarab]iiD>a |I9971 inmedicaJ phj^ics. nieas«iiig jomt nnHu^n 1i> cicate 
malhcmalLcal desrnplLtjns fijr anlhiojxjmclnc ctHnputer rrxxicls- Eiowevrr IhL-^ w:jrt Lshampcied by 1he fact thai 1he 
she Leti n ts masked by Ht>fl tKTiK aix] l1 is exIceiiEly diflxidt b ^"ork axiir^teLy. [I ^^ o^ felt thai "^x^ 



tfit jDint> was lilzly t? be nxnc |HixJL£ti^? than Lir^::fTif)liii^ I:) nii^aTiJU ^yi\i x-tHin 

Drawing flml making ai? al?:) 1 bit mUnl actPFily in lh= dtvtbpmmtal ^^^rl: and l1 ts imfxiJtajl L>4ick that, wbult 
iL^birucal Binl "vilntIlIIc kixn^'lfulgc air ]ni|unarU ti cisti^itry la a [icujcci like th& it is 1hc ci?a1]vc ^Iivi1if?i nf 
drawing arxJ making which alb^^ micas tj rr^tal I]hc_ The main w-orispKC for the pn>jcct ls a vrt>ilKh:jfi^HiJH> 
shamJ with otbrf clctif^r^ workir^ on [irKtici>b3hCi:1 nzhcairh [inifa7t> ami th= very vcibt natui? of firactx-al 
c^ign ^Hifk niakc^ it nature dif th: i±^^x:c>l:) [icuvidr contiiuLiLfi sq^jx^ anJ critKthm ti ca^h olbicf. 





Ffg. 4: Eaily coficcpt> for hanH i:nnb> 



Fig. 5 Elbow dr^Tbpmmt 



The prar1]cai mots doc bpcd witbilhc piojcct [n the early stages, w bicit compLcT bul ^onKtixaliy 
mraightfoiwaid cofiifKHicnti wcct OKitel fin the fir^ aLtnifrt alknu:klccofiijxHicnb>1Fig.6l, a^impLcCMC^M 
appcoach tiling J/2D C.^D SLiftwaie anJ a 3-a.it> rrniler w a*i lkxJ ti ^\t fahl drvdtjpiTKiH ami lepctiltonof iixxJiilar 
parts. Later on. ^^h:n nxHC subtle 3D fcwTTK ^^^crt c a Uctl For. |F]g. 7j niMit iif Ibie work w as ctme by manuaL nKlbticK 
combiiKcJ w i1h conventional machine Incls Mow that Ihc basic geometry and ds>]gn pnnciploi arc cslabiisbicd 
thcfCE an ]ncreasin^ ii« oF nure suphthlicalcd 3D C.\D mxtlLing b BLhieve a3.iir^:y^ \«t>' convex boft Ebnrn 
ami output t J ?D jmiWyp]ng 

1 





Fig.6 Firsl ]teratJLiniif kmrklejninti 



Fig. 7 Elbow conifunenl 



]t has been founds Ihrongh lAing varioizi pioblyping resonrues at differeni Locations thai rclaliv'cly basuz 
axifci which ajc ]miiiei:1 1 ale] y 1i> hand and mxtr 1 he duKl control of the ctsigrcr an: fj^ix: rally prrfcrablj tomoic 
■w^phLHlicalcd rr^iJiiJtcs w hich are sjme tfc tart e away iH reqiiJic the c^mjKratKm oF jffijp^ the pskc arch team. 

The effbfl Mrd tsmc dHa}' ]n\'oLyed in cooidinatiiig ertemal ica^mces 1cnl> Hj inlermpt Uf ftiw of dcvclofnienl work. 



CcM E£ alx> a fKli^r- whtic llv maiginn] cost iiT rr-il[:TTLlK>n ts bugh Ibus act> as b br^kf on cxptintmy \^ork. [n theory 
the fTfrrircl taui has«x.e?> &> b vincty ob ^upbuhl^Btoil iusimiidi^s Ibuuufti unj^'flHity bciJ imlLi^al coHacts ]n pric ticc 
1 1 has iKcn nxis1 tfffc1]vc lo coDzcntr^tc on grtti ng icsuLts fnum 1b^ bas]c but wclL-uicfcfH^xl nuchint tcls mJ 
compulCT icnurm v/ilhjn tbrttsi^i HclixiL 

An BfifiioKh sir h SilbiCi wtKhcfex^kips t}:c rrsoorLcs bcilI "^ilL^ wnbiin Ihc icstaiubi Itam £i likely ti tu>'c 
grcafcf IxnrfiS F(jr Ih? iccircbiocnm 1han ort whjch sctks 1i> ii»c CKfcmil TCHniJLi3>_ F^ ralhcr thBn u»UTg an 

ci^Lcmal Lontrac^if tlE tmi 4.cnttTu::tcd 4 bahk > KiHMn cahdn^ niKNrWj alknw bBbrh piDdir t»n of compLmml^ Ebr 
1bt prr^jccL TIk bias hail tlE s{iLJ>oFf vilut of illrwinf. IcchniciiiT^ ^ dev'cLop nt^'sUlb xn} ficomoluf; tin UtCoT 
> KiHim-cahliiig as BcrdtTF'c tcl by lai^ iiumliers of iflinimN inJ icscbr. litis 
5.A>DTU«vrittiLia3s 

FiDJTi the stifl of the piojKl It w *v ■- ■' uy bc >iuL li> engage wilh ttic pccplc wtio need pictthos TIk 

pniicip*! <t3||irr brcamc a ntrmbei kA j -.iip|>n1 group of pm]th3iL'> ifitis, wtD msT imnhly ^ clKzifT: a i^i^ 
range ob HtUSi EiK fnsitirm la tie gioi^t wk imheuiI in iut tic was nol a uxr^ idt was h= rvrc oJ 41k: p[oreaiX]njl& 
wbn piovklcd h^illhzu? or sefVKQ Ciis ^pnnach we b makEitdcar that tic had ic CTperierce or kim^'Lec^ of 
the fiekl iml tie \^ as Itb^K li> leam alHHit lhcirtxpeftmLa> inl their nceik 

Eie mad^ m claiJii> f^yr hi^ d."^n ^HHk olticf than ti say thai tic was inabr^ 4 fc^shstart and liad m CDiuEctxncEi with 
ai^' pfTFKHfc wrat TIms was veiy felpbiil, a*i tlK i^eci wcrr gzrerilLy unhappy x^ith lit prrxluL^ty 1ha1 wert Bvailiblt 
tde wa> j^ningcr thBn rrxKl oF tlr u^ry jn th: gnng^ many ob wlxHn were eTpeneficcd cnguKcnng \^xjrlKC> wtu tuci 
kvtl lunlx> m imlu^tnaJ a;:cKtnt>. GencfiUy tiiey \vefe picked b "acftifl" bni inti Itieir fjot^ and mK^KSloil jn ilk: 
opfxictunily ti oi^ntntHit ky the projecL 

Ttie members of the gioup coukJ bc re^inJal as "lead tfccis" in the tciTre> clrffinlKd t>y Von E-Qppel fL^yS] 
Only I'^mall profxiJlrm of the tital niMntief of uvry jn fi:p: \:2^m &uk pan and ^ume iiT 1h:m x^'ci? w Jling &> tr^^'d a 
DDno[lerable distanzt fi^ ky Kliikm^l:) Bttnd 1 he niLinthly meetings Severn of th= memlsrs wei? act]\¥ in mLddying 
1he]r irfnslhsics (l>r Hfecialtst ]Minx:<-«i and »Lime I:>4l p^n in rhalLenging aLt]vitia> sir h ah flying bght aircraft or nili:^: 
hjgh-fxzrfbnnanLe inj&nfc>rle>, nialing tici^y dmian:t> on 1heir jmwtbKCi So^ inrnihcis haii atij FbrmKl fnereiihip> 
thioi^h tlE fjoup ncetiiifTi and mel legidBHy ti pLiy grJf ormber^Kxial activities. 

The legular mctlu:^ inLliJibil fciomal mJ uifcifnul dNci£n::ai cil~ lh= wtut Ting^ of pioUznvi bihI jssul's affecting 
tie lives of piDsthsts %bci^ this has enabled the de?iigncr^ dtmng 3 yeacs of mcmbeiship^ 1o ticcomc vciy 
knowbc^flblc about the hvoi of the users as well «£ providing a fonxn fbr icvteov of Ibs on|pu^ wvfL- He 
gioup had no diffKtJty ]n recogniaiig the spcciiLBt]ve bng-teim naUnc of the woik and w^ hlpp^ -i-, v 'n^■<^lv|^:^ 
even if thzie w £i httle Likdkhood of ininifxiBtL' bcnefn b thcflihelvs. 

T^llowin^ L^n J lom [his, thciQcucIilcim OEginiifd anDiefbmul evcfH^ dCkJglk^.l kh^ii.i.\ iIk: tftcr gioup into 
the piojecl. Ttv eveni staital with a VHko^ compikcd by the learn, whuh tEcd material f com documentary and 
fictional souiccs to foci£> on aspects of natural movement^ artiHciahty lelationttups tiet^veen people aix] tiieu~ 
prosthsics, reprctentation> of part htMnan^arl nuLhuc trejn^ in fiztun ami sel^unagc. Thts was 1he "^arlmg fx^int 
for a dML^iKOLin of the wa> that i^^eiy irlalctl to 1ttir prostha»es and of Itieu" aspiratKins_ The neconJ half of 1tic 
dthcifision starmi with a pfCtematHm oMh: tctt-ng niLcti of a natur^Uy arlKuIatcd hand whKh 1he tcani had piridiroil 
and thegioup were er^ouragcd to diHcifis 1tie potential f^^renlirely new designs of pni^tbstCi In partEuIar their 
y}cvt\ weie "wx^it on the lelaHofthip tietwctn furr trmal ard usmMic vatiKS. 



Tilt BLin cil~ 1bus cvtnl 'ifr^f: u^c^rrBtivc activitisi - compJmg 4 ^?dco mJ mibnf. a mxfcl binnd -£> a ^timulLi^ I:) 
icFlfctkiai in] (briHiKiQ ^^fiirh coLikJ th^nh: biiliI]akj by tht ichL^BiLbi Ll'biti ,\ vk±o w£> maiit of LJ:p: tlthCLtTtti^n ird 
1bus was tlrn mcwoJ ami dbcuftcd by 4 cfaii^ itfIcw fjiH^ wlx^ w-cic ibic tj clarify a numbcf oF l'3>d3i anJ 
xlf ntify a spec Lfic r^rw ^bL for ttit pn^jccl The > Kk^^ cinrLi^tKifi w«> liV^r tnf»Lnl:«j anJ i> availabt for mocr Ebrmal 
BnaI]Atts shi^uU thBt be kLl iicce?>4iy^ hin^'^vtr tbz itujci Bim v^as ti }:clp 1bit cIsiI^hh Vj nxnt dmvBcd la Ihzu 
mxtiylareluTg and tfe wa*i jchjo'oil FtopfeV txpcnmcm inJ opuum bcought S:^ bgW by Ihc tvcnl an: fiuquznJy 
bicu^ inti Izam dHzuatUZfh as u^ bi cx]4jnngor illudnting bcusi. 

Rif ttK |TfiifKl &>^LJXHd il£i imfurtBrU I:) i£c ^nalytTcal^ H^iunlLiiaJ nitlbiiKt^ I:) icvifv^ tlr ^"ort^ cspcc i ally whm 
wiirijnf. ^^ith jKopLc fnim 4 maJK^al^tKhrut^aJ backgruLind YVvwcycz SLimc centra] ahfKt:t> of tft wrak in: (.b^arly 
qualHatix^ anJ Lhi^n: ts 4 ixxd irv qualnatix'c i^inv mrOixfc 

T])t work wilh ifitr groups b> inlcnda] to iddiT^ thb n«d bul Ihf re is Bnothtr tTimpIc of qua]]lat]vc 
iKJiniquc^ which is mtcresling b«BLihc il pn»iLfcs a ycry cffccHvc complement to quinliutivc mcthmii - 
Many of the pcopit who wi>Tt wUli hunun hmbs hive b grcit lI^bI of exptnnrc iiT mBnijxdatin^ Ih: limbs iiT 
living jvopit wilh ml w ilhi^ut dtsabiUtics. Wh:n'^«ljiif bflrd out ])dw well amcxlH hmbmBtc^hf^ L]:c nuivcinml 
of &K liuman onginBl ^r dKcovcfcd Ihat such pccpic were al^lc ta minipiilatc the model and give ^n 
!!nmccll4tc. dEFCcE and confident evalLulBon without rrfr re rx-c b bci} dat* They ippear to have "leaiiKd' wha1 
;liL' j^xAing limb shuukj Ecel bize andean apply t]>> tanugcfiiectly. 

Al vajxHb Urns dcnEnt:^ of tlE drsgn tuve been evalua^ in IhL*^ way by a mcdica] ph^^tkKt whD sjKcialtss 
in wist movciiEnt ami a suf^con wio worb wilh dbcws [f ntlcr prcon had been prcfnlDd with a ihrcHetkil 
dsii^ in 1he fomi of dra^^in^ anztbr a malhrnutizi] dcscnption, 1hey might have bicen able ^ say ^^])zL])zr Lhat 
lIsiI^ ^^ould pnf^^rm appciifna^ly EiowevcMl ts likely thai thts would tike a k^ng linii: and Lhc> nuglil luvc ti leEer 
X: t]:p: "^aiTx: 4^a lhat wxi it^ixl &>€icat tin tiaiign m Ibii: iir^ plu^e. Ph}'o::al nixi:t> fHovub an uimcdjatc nictixxJcf 
ev alualion w hx-h lelcci ^ a uimfTlcLely scparat lefcrenLt "^riucc (cQ the nu^m^ mmiHy cf real Limti>r. 

The nxxiels ^^^cie pnidLEcd skillfully to a gpcd level of KcufKy and weie lobi^it and easy b handle Th&Ka 
natural appio».h(lif a ski L]cd nistigo^r and maker but Ibii: same "^Lh anl uik!fc^ m quality^ aie rcv\ evKtm in^»ms 
'^lentiFic" enviconmenti l1 ih lh:rrf^:ae Ht^gCtkd 1ha1 a nnxtl may l:e "wucth a 1bi:)Li>aixl pxlurc^' bul only if il e 
prTx]iro:1 ^^ithsLirrtsmiHi^'iy 

A i^DDrrl example of the value of ptr^ttcal nnxtlh an:^^ wh=n1he fusl nnxtl hanl wsishLi^^n ^ a D:)mrn:n.ial 
manager frr^m a Di^iT^an^ wbu manfaclui? jmihlhcM^s. TIj: pi^EHiQ coiv-cm^ he had a general 

knowledge of manufac tun ng airi a ^xxl uoderMajxIing of the piolifems of oid aiiJ tigcOs aaxxiatd ^^jth Lhzf^ 
pmdiE^ 

Hts fJESt reactrm was 1hal tlr dcsj^ was inticrlug bul kx^koil exircmely comfrtr anJ erpmiive ky pmdure. ht 
cominucd to examine Ihe modrl for a one or Iwo minutoi witiioul being prompted and stated that bie had cbianged hts 
mind c h^couklscc Ibia1 the appaiem comfrlcxjly cam= fcom a mcdular conhlruzlion which was simple Jl 1h: 
component level airi could bemads by low-cc«iE imEilding Ice hniqiKS while allowing a ran^ of pcrniiflaULJi^ l^I 
size b be achieved. Again^ this infbnnalion could hive '\>ccn explained thiough Ict1 and dr^wmg^ bul il b 
ufilikcL^' Uiat the ui^icatnn^of tii&Dnmplex J-dun^rsxunal obfsn ODukJ bia^? been appieciatoH Sirapd^ an] elearly 
withDU a pt^^Qcal m?S=l 



Thb> may H«m iibvti:^ii> ti cxpcncrr«l LiKJf^i^fH bul l1 ^^k remulzabLc ^ liic cbii^ mcmbcD> of \hc tim &> 
dtHcr^'cr Ihat many iiT ttmr oi^lbsgiE^ ]n rlin^d cnfLTLcnug had no conzq^ iiT 1bit ^"ocd "mLni^l" iittifr 1bian mtnrg 
Hrmr fbmi of maOrauticB] L^xffasiKJiL 

Sli far Lht [imfsn hn ficcdirrd 4 complrt^ artHTulaM arm mrcti Vriih 4iiak>^)u> v'cr^K)n> of all ds }nint: of th: ctbL 
ami and hand fnim al]o>7 tht tlbu^^^ tif^lhzr ^^ith 4tt».tinimti and routing f^^r m::M of tht mwcb^tixym dc\y.n^ 

which cithljci ttr ongmal. Qualilad\¥ mJ qiunlLl4lL>'c review k ormtuimnf. but read t> "^r) far incfca^ that Ih^ cisti^ k 
^rvrally suLcc^u] in pro> King 4 vny rtcic analL^ b 1ht on^nal TTv ttam will cksicniinat ttit tcclvKaJ outtmif^ 
ami c\ aLuatnn in a [laptr Ebr a mccical |Tt^sfaz> iixkirc i^lvtlf^^ WlHiqA Rud ]^^^i9V 

71i= dcM^ uxh 4 mLnlular approach "och 1hal uxivKiual '^Lunl^' ami "bens' air r^ativ'cly hui^ cngjn^cnn^ 
compLirvn^s "^utiblt ibr [irLclLJZtun b}' pfrcthK^ c^ahdn^ iir nxniilin^ ami l1 k ct peeled 1 tut rLi^toniL'>4tKin o:)uk1 Ik 
achLcvful by simpt fabncalLon techniques perhaps suit ablt For tical clinch. TTv aim h^ b«n &> pcoxidr ibr i 'Juit 
in Time' pruduztKoi afifKoacK tciiiig th^ 'muthiLcm shapoil" ci^ogn p}ik:ti:]f)tiy ds^nbcd by Hal M Bthn~1l^££j 





Fig-S Flr^ ]ttraDjn iif hami mL<H skn^Miig nxxUar_^Lnl ormhtTurtkioi 

Al pichcnl ihf ctsign drK*> not pmvLclr ippropnit-? sticngth or wnghl *ndlbie himiMiF the compciKnlH irr 
itl BtL^dy cruilc- Od? iim of the DTK t eye Ic of tfcvcLopment Ci to BcUrrw 1h&t quailKJiT^ H h*> bcm uruKual far 
Ll=^^iti}s l£kJ ti Ihe com:tp1 of pKxIuLing pkahing objcLl^ ^ b^e Uicu-^imI numly on pioducmg plcBS]ng 
nxivcmcnt hkiwcvcr having mcl Ibic ^oaJ of rciLL^tic artKul ation, it b> ^n^' imfwrtanl tocnhuic thai the 
cvenlLiil pn:&the^L'> will have in appropnale ipftraram^e 

Ttus rajHC> HtHnc intccehlmg quchlion> "^mc Di^nvemtonaL ^^i^iiLim ]n i?tub]iilalboii £Stunia> that the ^il of 
'coiHicws" IS Id icpKxJuce the appiearircc of the on^rul iunb asckiselj ispfflwHe tdowev^er there L^-^jme 
anordr^tal evicleixe Ihal^ aslhelfchmciLqualLty of ailLficiaLlc^ ha^s imfTfD^^ srniE ^'ourigcr^ m::adct]\'e iseni 
hav'e been picahcd >j eiqrlay lh:u~ piL^hcscs. pzrtiaps 3S a romi iiT presliguLA t^ Ttuy uxix. atoi 

ibie pLis^bility of a vcr^' nigniiicBntcidtmletv'ckifnieiil \^hK.hlhe piojcctlemi ^^ut^l bketi expbrc bcForcujiTungls 
any cmclLEiHKi] about the apfcarancc and cxirmal dsii^of 4 ix:^ ano pcu^lbisibi 



He {HAorrv thai h[&l:ocnrmi^ithcd«>niLi^t'^fnJf>^an1 b^ mvtt kru^^kdfcabt crvtr^'cry e^ lh= aLtKvniEnt 
oTiiBtml wrvtl rr^tatk^n ttviH^ Ih^ dx^r^vt a^ticm iiT 1bit tAO bc}fia> nl~ tht ibicann with 1ht dbu^^ and wcKt 
_fLiLnt>_ Tht> fci aimplflcly diffcrtnt fnjm tbrnHatujn achirFcd by ciL^ing prtKlbcKS> ^^hch uc i "dmplc rtJtitu^ 
msbianran al Ibt wtkI liiilia]L> thth ntsaJ ah many pfiibkn^ «> J Htiiv'cd ^iict mviL Lti^iH h2.v^ ampLitationi cr 
DDn^mjta] abmiroi btbw tht dlicnv aixl ujLild rxnl^ apfiaicndy bcntFil Frum a tfchigii "A'bucbi inclub a runrtk^ning 
elbow joinL hki^^'cv'cr Ih: anaLo^:Mi> tlbuw ii5>if n oFtcrcd an afgicuach ky a pn^blcm whHrh lbit tam had ht^ 
cfigiiulLy^ LfUm^iccl ti \^x:jI: on Ihat o^ anu^bioig Lit prT:^bEfib> I:) t}:p: u£r I^UtpcniKHi). 

Tht Vtfo\k wilbi L£ec> brought iiul ttr iinioig Ihal 1bit nxvtt mgnifKanl pcobLcm For many of ibrm wai± the 
dKomfort caiKcd by citiiting nictFxxl^ofsiK[>^JKL(jn_ ,\ brcahlhmugbi cain? with thL" i^^iJtJltcm that, having 
ct^ck^phal a mozhanuzal analogy ibr tht dtxiw }Diib ]t wsi pistiblt b off^t Iht UKchannm ■MlhDii loar^ true 
motron, ^o ttut it evliIcI pfovHt *n rxtrmal elbow mcchansim^ ojKmdng in lanctm wJh an CKZ^tug clhuw anH 
albwing tnf wnst ni]4K]n 2b \vcll abfuindng bn^w puHfiLb]lilLd foTMitviiig tlv?ii>]KreiKin [iciiUnn [icovklmg 
"tapcfcd ]ntcgnt»n" ntlcr thin FiFBC]r^ "U^ en ^tc end of ttic ii^s cxbdng limb. 

Wcwl: IS rrsw pfcc«dir^ wuh the hrip of CTpcncnzcd UiCCk, t dcvrlop ihts uiti a ujbk i:\h\v, \n\.] 
atl K hmm t *^staii 

\ fiirlhf r clo'cbpmcnt of lhc wofl: is that ihc ite»ign For Ihc citow bias been on mmcnctcl by a Icaihr^ 
^ugcon "q^ocLaliting m cLlx>\^ c^oLi^in^nt wbu has Hi^^i^steil that ]t ujukl lonri tbz baus ibr a o^w i^^ 
imffiant, CTthlm^ elbow imfTlanb> iKin^ generally iiiitaletfac&Hy iKc^auit the]r d^^n oiTii(>^urTK sif^Jf^a^ 
dcjTcnt^ 
a Concbiinh and D^-uiiDa 

Tlic jncfKl "^aftcl with SLim? pniripfcii ami a ^^cry fpnciHlKoil km^tenn g:jaL TTt cteii^icfH had ni> prt>io«> 
kixiiwkdge iiT prostbstfs and dehberalely ax'oiikd aLtifriLug any eTKt]ng Ice hniiqucs. Tht> athoavob^KJ paying 
ctin*»e attenlton toHOUKof 1hi: rrajf^i-'^ ptoblerrt such as SL^p^Juijn anJ "aihniats" "^nzclbry Fell thai Ihcw: 
jifuUeiTT^ 3axc fconi Ih: s^h;thllnf.dcsJ^E 

The only clear goal was to piodo^e the closest jxjssible anakigy to the onginal anatomy Otbnwise 
Ihe team lelied on 1b^ Ute of a nel of worljng pnncifiles toguKle their worlL TlKse firio^ifiLoi provyJsJ a set 
of qusitun^ which couU hi^a^^koil al any t]me TalF^rf Ihan oni:s1runiiif Lh: piojL'ct I:) a sfxx.jric "^ncs of IxizK M 
each da^ thefe was a prL^ramm^ of wofk but th= pnji:Lpl& were the main axl kn planmng and changing ths 
pn^amnt 

As tte pfoicct profincsed tlx^nz wxzn: szxeral pomt> al whjcbi a pra^natic afffOKh mighl ha^e been udd to 
□vcfcoinc piobleni] and n>jvc mDie qmckly toward a lubt jncducl. E'tnwev'er tte drngneis believed that 
the woirid [xnnpiomtbe the long tenn suzce^ cf tb^ wi>rh and lead to pnzdir^ whch wot^ be id be vefy 
Lffefnl Bod wot^ not piovut ad^vekipn^nt patbi for TnttMe Ll=^fneiH. They felt thai the Lin^atr^a^tiry ntat of 
exE^mg pnxkiTti aod the lazkoF any substantial development for many yeac> had an'«:n prR.mely tKcau^ 
ted ay ^ designs are baseil laip^ly on princi pies Ltvekjpetl dunng the I9ft3^ al the time of the Vietnam War 
ami Tbialid^mide^ undrf pfcstuie I:) a^htr^'eqiicl: n:sul(>. 

TFt tam bdioe that their Bppn>acbi has twen jiKlifiod since thrre have been b number oF recent unfiedicted 
benefits fiom tFv \^ort for ei^anifTb the inleicst in adoftmg joint dcsigrei fiif nuigical joint n^placeircnt and 



CtpccLBlly llv oppoTtiMiity ^o drvdnp an cndrrly new HUtptntti^n ^y^tni [l t^ ]rUc[Ctliiig ihal ttit prr^jcct was 
critEEoH by nfricf-EMuc m J t> {^^Hy da>s bccBLfic 1 1 dd rut sd oLii ^4Li^cs>lbit [irT)bkfno^'^Utf:crK>Lin. whH:h^^«i 
HKCil:) \x lh= [injnfial prr^bkni wifii CTtsdng cisagFG. 

Tbu^ pmjtct has dcmore>trBlMl Ihat 4 completely fresh starl with 4 creative, pnnciplcd crpcnjiKnlal 
ippiruch can being bhmefiti in a »tuitKifi wbine a drvThpnienlal ^aKinxvn afiprr^azbi may ix^ yiekJ "^fjiifKail 
ic-.iiJtK It bi Aiguable thiL in1bw>CLtHC, Lh: cxthlinj: larhni^^gy bia>ieaLhMl a ctvTlnpni^nti] platau ami 4 racfcal 
ippioBzh El calkd ibr. Thr v\ nf rEe::^n&iii^ 1bit fxiant al whch Citiblethccl ap[iruacb=^ aie ru bn^ pmdictivc 
may be ttr nxKl ciFHTult challen^ facing man affE> aixl d5ii^iec> m an> caablhliccl in3uitr>' 

1^ BLlol making "^rMTCthjii^ ne^' lIu I iga> LJ:c envirunmtnl - Ll^timulatai kLuh anJ tlLVLt^^un, nlMTPi^iitlr^ISi 
pcEsibilibQi and picndcb LimlrciUniinf^ Ds]fn»>can mats a imtqut CDntnbiAonl:) research by c [eating thir^ 
nfoch albw cflEr pmj4c b s=e the vnrti difTefently and ctmnnitn ting ths has been oix: iiT 1bie nxiM ^addying 
■»fccb>c>f tiie prDjorL 
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